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Progressive Reduction of Temporal Lobe Structures
in Childhood-Onset Schizophrenia
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Objective: A previous cross-sectional study of brain morphology in childhood-onset schizo-
phrenia indicated sparing of the temporal lobes from processes reducing total cerebral volume
in this population. In the present study, subjects with childhood-onset schizophrenia and
healthy subjects were rescanned at 2-year follow-up to determine whether this pattern of
temporal lobe sparing persists with ongoing illness. Method: Anatomic brain magnetic reso-
nance imaging scans were acquired for 10 adolescent patients with average onset of schizo-
phrenia at 10.4 years (SD=1.7) and 17 healthy adolescents. Scans were obtained on initial
admission and at 2-year follow-up by using identical equipment and measurement methodol-
ogy. Results: Schizophrenic subjects showed significantly greater decreases than healthy sub-
jects in right temporal lobe, bilateral superior temporal gyrus and posterior superior temporal
gyrus, right anterior superior temporal gyrus, and left hippocampal volumes during the fol-
low-up interval. Decline in right posterior superior temporal gyrus was associated with high
total scores on the Scale for the Assessment of Positive Symptoms at baseline and at follow-up.
Conclusions: Progressive reduction of temporal lobe structures occurs with ongoing illness in
childhood-onset schizophrenia.
 (Am J Psychiatry 1998; 155:678–685)

C hildhood-onset schizophrenia is a rare, severe
form of schizophrenia that is associated with dis-

ruption of cognitive, linguistic, and social development
well before the appearance of frank psychotic symp-
toms (1). An ongoing study of the neurobiology and
clinical features of childhood-onset schizophrenia at the
National Institute of Mental Health (NIMH) (2) has
demonstrated abnormalities of eye tracking (3), auto-
nomic function (4), and brain morphology (5) similar
to those found for adult-onset schizophrenia. These ob-
servations are consistent with neurodevelopmental hy-
potheses, which propose that schizophrenia results
from an early, static lesion that gives rise to typical
symptoms as critical cerebral systems mature (6, 7).
However, recent longitudinal magnetic resonance im-
aging (MRI) data from the NIMH childhood-onset
schizophrenia cohort have indicated progressive in-
creases in lateral ventricle volume and decreases in mid-

sagittal thalamic area in childhood-onset schizophrenia
at 2-year follow-up (8). These observations raise the
possibility that brain abnormalities, at least in this rare,
severely ill subgroup, may be progressive.

Previous longitudinal studies of brain morphology in
schizophrenia have sampled only adult-onset cases and
have focused primarily on ventricle size and ventricle-
to-brain ratio (VBR). With some exceptions (9–13),
most studies have not found evidence of greater pro-
gressive increase in ventricle size or VBR in schizophre-
nia over intervals ranging from 2 to 9 years (14–20).
However, in the majority of these studies, ventricle and
brain size was estimated from single slices acquired
with computed tomography (11, 12, 15–19), which can
be inaccurate (21). The only previous longitudinal
study of temporal lobe morphology in schizophrenia
has now examined 50 patients and 20 comparison sub-
jects with annual brain MRI over 4 to 5 years, finding
no evidence of progressive change (13).

Cross-sectional postmortem and in vivo MRI studies
of adult-onset schizophrenia have frequently reported
reduced temporal lobe and medial temporal lobe vol-
umes (22–26), although not without exceptions (27–
31). Abnormal temporal lobe morphology in schizo-
phrenia has been most frequently found on the left (23,
24, 32–34). Initial cross-sectional MRI examination of
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temporal lobe morphology in the NIMH
childhood-onset schizophrenia sample (mean
age at onset of psychosis=10.2 years) indi-
cated relative sparing of temporal lobe struc-
tures (35). Specifically, after adjustment for
the significantly smaller total cerebral vol-
ume of the schizophrenic subjects, superior
temporal gyrus, posterior superior tempo-
ral gyrus, and temporal lobe tended to be
relatively larger in the schizophrenic sub-
jects, while medial temporal lobe structures
showed no group differences.

In the present study, 10 adolescents with
childhood-onset schizophrenia and 17 healthy
adolescent comparison subjects were rescanned
at 2-year intervals to determine whether
sparing of temporal lobe structures persists in
childhood-onset schizophrenia. Given pre-
vious observations of progressive increases
in lateral ventricle volume and decreases in
thalamic area in our childhood group, we hy-
pothesized that temporal lobe structures of
schizophrenic subjects would show relatively
greater decreases in volume over time. Given
previously observed relationships between
reduced temporal lobe volumes and psy-
chotic symptoms in cross-sectional studies
of schizophrenic adults (24, 36–38), we fur-
ther hypothesized that clinical state at 2-year
follow-up, as measured by scores on the Scale
for the Assessment of Positive Symptoms
(SAPS) (39) and the Scale for the Assessment
of Negative Symptoms (SANS) (40), would
be correlated with reduction in the volume
of temporal lobe and medial temporal lobe
structures.

METHOD

Subjects

Schizophrenic children and adolescents were recruited nationally
for an ongoing study of childhood-onset schizophrenia (41). Details
of inclusion criteria and diagnostic assessment have been presented
elsewhere (5, 35). All subjects had onset of schizophrenia by age 12
and were refractory to treatment with typical antipsychotics. For a
parallel study of normal brain development, healthy pediatric sub-
jects were recruited and screened (42). Individuals with physical,
neurologic, or lifetime histories of psychiatric abnormalities, and
those with first-degree relatives or greater than 20% of second-degree
relatives with major psychiatric disorders, were excluded.

Both healthy and schizophrenic subjects agreed at the time of initial
study to return for rescan every 2 years. Thus, 2-year rescan data were
available from 10 patients and 17 healthy subjects. Mean age at onset
of psychosis for these patients was 10.4 years (SD=1.7), and they had
received an average of 23.3 months (SD=14.6) of neuroleptic treat-
ment before study entry. At follow-up, all subjects were interviewed
by using the same instruments used for the baseline assessment.
Demographic data for both groups at baseline and 2-year follow-up
are presented in table 1.

Parents of all subjects provided written informed consent, and sub-
jects provided assent for participation in this study. This study was
approved by the NIMH Institutional Review Board.

MRI Image Acquisition

All initial and follow-up scans were obtained on the same GE 1.5-T
Signa magnetic resonance scanner, as described in detail elsewhere
(42). Acquisitions of initial and 2-year rescan images for healthy and
schizophrenic subjects were within 6 months of each other. Two-mm-
thick contiguous slices were acquired in the coronal plane, and 1.5-
mm-thick contiguous slices were acquired in the axial plane by us-
ing three-dimensional spoiled gradient recalled echo in the steady
state (time to echo=5 msec, repetition time=24 msec, flip angle=45°,
acquisition matrix=192×256, number of excitations=1, and field of
view=24 cm2). To standardize head placement, vitamin E capsules,
wrapped in gauze, were placed in the meatus of each ear, and a third
capsule was taped to the lateral aspect of the left inferior orbital ridge.
Subjects were aligned such that all three capsules appeared on the
same axial slice of a multi-echo axial series. Comparison, with the
Wilcoxon rank sums test, of the angle of a line drawn between the
anterior and posterior commissure and the x-y plane indicated no
differences in head position between groups or across time.

Image Analysis

To avoid bias related to rater “drift,” all scans were measured by
a rater who was blind to subject diagnosis, age, and sex and to time
of scan and were measured over the same 3-month period for total
cerebral volume and volumes of temporal lobe and medial temporal
lobe structures.

Quantification of total cerebral volume. Spatial orientation of the
brain was standardized by using operator-selected midline anterior
and posterior commissure points and the plane of the interhemi-

TABLE 1. Demographic Characteristics for 10 Adolescents With Childhood-Onset
Schizophrenia and 17 Healthy Adolescents at Baseline and 2-Year Follow-Up

Schizophrenic
Subjects

Healthy
Subjects

Analysis

Variable Statistic p

N N χ2 a

Gender  0.14 0.71
Male 7 13
Female 3  4

Handedness  1.95 0.38
Right 8 14
Left 1  3
Mixed 1  0

Race 10.43 0.001
Caucasian 5 17
African American 5  0

Mean SD Mean SD tb

Vocabulary score 5.6 3.7 13.8 2.5 6.85 0.0001
Block design score 6.1 3.8 13.7 2.8 5.91 0.0001
Age (years)

Baseline 15.2 1.9 14.2 2.0 1.30 0.20
Follow-up 17.4 1.6 16.4 2.0 1.33 0.19

Weight (lb)
Baselinec 139.0 22.5 119.8 26.1 1.86 0.08
Follow-up 188.9 33.0 141.3 26.5 4.12 0.0001

Height (inches)
Baselinec 65.8 3.4 64.2 4.9 0.85 0.40
Follow-upd 67.7 4.1 66.8 4.1 0.52 0.61

Tanner stage
Baseline 3.9 1.1 3.5 1.5 0.80 0.43
Follow-upe 4.8 0.4 4.6 0.9 0.60 0.56

adf=1–2.            dFor eight schizophrenic and 15 healthy subjects.
bdf=16–25.           eFor seven schizophrenic and 11 healthy subjects.
cFor nine schizophrenic subjects.
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spheric fissure. Brain matter was then separated from intracranial
cavity by using software that employs an active surface template of a
standard brain that is molded to fit the brain imaging data from spe-
cific subjects through successive iterations of an energy minimization
function (43). Extracerebral tissue remaining in the resulting image
was then removed by manual editing of each axial slice. This method
provides a measure of right and left cerebral hemisphere volume ex-
cluding ventricles, brainstem, and cerebellum. Intra-rater and inter-
rater reliabilities for 10 brains remeasured by the same and a second
rater were (interclass correlation coefficient [ICC]) 0.94 and 0.89,
respectively.

Temporal lobe and medial temporal lobe structures. Temporal
lobe and medial temporal lobe structures were measured manually on
sequential coronal slices by an experienced rater (A.C.V.), using NIH
Image (44). Volumes were calculated by multiplying area measure-
ments by slice thickness. The temporal stem was demarcated by a line
connecting the most inferior point of the insular cisterns to the most
lateral point of the basal cisterns above the hippocampus. The most
posterior slice containing splenium of the corpus callosum demar-
cated the posterior extent of the temporal lobes (45). The superior
temporal gyrus was identified by its gyral boundary and traced
throughout its extent. The most posterior slice containing fibers of
the fornix was designated as the posterior boundary of this structure
(24). Anterior and posterior segments of the superior temporal gyrus
were also identified, with the anterior segment ending at the most
posterior slice before the appearance of the mamillary bodies. This
slice was also designated as the posterior extent of the amygdala (24),
while the first slice containing the mamillary bodies marked the ante-
rior boundary of the hippocampus. The most posterior slice contain-
ing fibers of the fornix demarcated the posterior boundary of the hip-
pocampus.

Ten brains remeasured by the rater for this study (A.C.V.) revealed
intra-rater reliabilities (ICCs) of 0.99 for the temporal lobe, 0.97 for
the superior temporal gyrus, 0.90 for the hippocampus, and 0.98 for
the amygdala. Interrater reliabilities (ICCs) for 10 brains were 0.98
for the temporal lobe, 0.92 for the superior temporal gyrus, 0.87 for
the hippocampus, and 0.86 for the amygdala.

Assessment of Symptoms

Clinical symptoms were rated with the SAPS and the SANS while
patients were drug free during their baseline visit to NIH and at 2-
year follow-up. Interrater reliabilities (ICCs), based on ratings for 10
patients by two sets of child psychiatrists at two points in the study
(one rater consistent across both assessments), ranged between 0.87
and 0.91 for the SAPS and between 0.81 and 0.92 for the SANS.

Statistical Analyses

Group differences in demographic variables were assessed with
chi-square analyses and t tests for independent samples. Total cere-
bral volume, temporal, and medial temporal lobe structures were
analyzed by using repeated measures analysis of variance (ANOVA),
with diagnosis as a between-subjects variable and side and time as
within-subjects variables. To determine whether or not observed
changes in temporal lobe volumes merely reflected changes in total
cerebral volume during the follow-up interval, temporal and medial
temporal lobe analyses were also performed through use of repeated
measures analysis of covariance (ANCOVA), with total cerebral vol-
ume at baseline and 2-year follow-up as the covariate. Significant
two- and three-way interactions (p<0.05) were plotted and further
assessed by using Bonferroni post hoc t tests. Post hoc analyses of
three-way interactions were examined by using Bonferroni post hoc
t tests, with change scores in the numerators.

Within the schizophrenic group, exploratory correlation analyses
that used Pearson’s correlation coefficients were conducted to exam-
ine the relationship between change in temporal lobe morphology
(baseline minus follow-up) and total SANS and total SAPS score dur-
ing drug-free baseline and 2-year follow-up; change in total SANS
and total SAPS score from drug-free baseline to 2-year follow-up
(baseline minus follow-up); SAPS global rating of hallucinations, de-
lusions, and thought disorder at follow-up (items 7, 20, and 34);

WISC-R vocabulary subtest score at baseline; duration of illness;
months of neuroleptic exposure before study entry; lifetime chlor-
promazine equivalent exposure (calculated as previously described
[5]); and change in lateral ventricle volume from baseline to 2-year
follow-up (8).

All analyses were conducted through use of SAS (46) except for
ANCOVA, which was conducted by using BMDP (47). All p values
are two-tailed.

RESULTS

As can be seen in table 1, patients and healthy sub-
jects did not significantly differ in gender, handedness,
age, height, or Tanner stage at baseline or 2-year fol-
low-up. However, the schizophrenic group included
more African Americans, had significantly lower
WISC-R vocabulary and block design subscale scores
on study entry, and weighed more than healthy subjects
at 2-year follow-up. Total cerebral volume was signifi-
cantly smaller for the schizophrenic group at 2-year fol-
low-up (schizophrenic subjects at baseline: mean=
1111.5 cc, SD=123.1, at follow-up: mean=1060.3 cc,
SD=140.8; healthy subjects at baseline: mean=1158.6
cc, SD=139.3, at follow-up: mean=1161.9 cc, SD=
140.2). ANOVA indicated a significant diagnosis-by-
time interaction (F=8.74, df=1, 25, p=0.007), with
schizophrenic subjects showing a greater bilateral de-
crease in total cerebral volume between baseline and
2-year follow-up. There were no other significant inter-
actions; however, the right cerebrum was larger than
the left across groups (F=5.21, df=1, 25, p=0.03).

Status of Childhood-Onset Schizophrenic Subjects at
2-Year Follow-Up

At 2-year follow-up, eight of 10 subjects with schizo-
phrenia were living at home, while one was maintained
in a group home and one in a residential treatment cen-
ter. Although most patients were more stable clinically
at follow-up than at baseline, most continued to expe-
rience moderate psychotic symptoms. Mean total SAPS
and total SANS scores at 2-year follow-up were 19.3
(SD=9.8) and 55.2 (SD=29.2), respectively. Seven of 10
patients met DSM-III-R criteria for schizophrenia at
follow-up, while two met criteria for schizophrenia in
partial remission, and one was in full remission. Two
patients also met criteria for comorbid disorders at fol-
low-up; one met criteria for autistic disorder and Tour-
ette’s disorder and another for Tourette’s disorder and
obsessive-compulsive disorder.

All patients received continuous antipsychotic phar-
macotherapy during the interim period. Eight of 10 pa-
tients had been maintained on regimens of clozapine
during the 2-year interim period, with an average daily
dose of 301 mg (SD=104) at follow-up. The remaining
two were taking 8 and 10 mg/day of risperidone, re-
spectively. Monotherapy was used for five patients;
adjunctive medications received by the remaining five
patients included valproate, lithium, fluoxetine, and
imipramine.
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Temporal Lobe and Superior Temporal Gyrus

Mean volumes, unadjusted and adjusted for total
cerebral volume, of temporal lobe structures for schizo-
phrenic and healthy subjects at baseline and 2-year fol-
low-up are shown in table 2.

A significant diagnosis-by-time-by-side interaction
was observed for the total temporal lobe and is plotted
in figure 1A. Post hoc testing indicated that on the right,
volume decreases from baseline to follow-up were
greater for schizophrenic subjects than for healthy sub-
jects, while on the left, volume changes from baseline to
follow-up did not differ between groups. On average,
schizophrenic subjects experienced an 8.3% decrease in
right temporal lobe volume over the follow-up interval.
Right temporal lobe volume loss of at least this magni-
tude was experienced by five of 10 schizophrenic and
no healthy subjects.

Significant diagnosis-by-time interactions were ob-
served for the total superior temporal gyrus and its pos-
terior segment, with post hoc tests indicating a signifi-
cant decrease in volume from baseline to follow-up for
schizophrenic subjects but not for healthy subjects for
both structures. On average, schizophrenic subjects ex-
perienced a 7.4% decrease in superior temporal gyrus
volume and an 8.6% decrease in posterior superior
temporal gyrus volume over the follow-up interval. At
least this magnitude of volume loss for the superior
temporal gyrus was experienced by eight schizophrenic

subjects and four healthy subjects and for the posterior
superior temporal gyrus was experienced by six schizo-
phrenic subjects and three healthy subjects.

A significant diagnosis-by-time-by-side interaction was
observed for the anterior superior temporal gyrus (figure
1B), with post hoc tests indicating that on the right, vol-
ume decreases from baseline to follow-up were greater
for schizophrenic subjects than for healthy subjects,
while on the left, volume changes from baseline to fol-
low-up did not differ between groups. On average,
schizophrenic subjects experienced a 6.4% decrease in
right anterior superior temporal gyrus volume over the
follow-up interval. Right anterior superior temporal
gyrus volume loss of at least this magnitude was observed
in eight schizophrenic subjects and eight healthy subjects.

Medial Temporal Lobe

Amygdala volumes were significantly larger on the
right for both groups. Although ANOVA indicated a
significant diagnosis-by-time interaction, reflecting
greater decreases in amygdala volume from baseline to
follow-up for schizophrenic subjects, this interaction
did not remain significant following adjustment for to-
tal cerebral volume.

For the hippocampus, a significant diagnosis-by-time-
by-side interaction was observed and is plotted in figure
1C. Post hoc testing indicated that on the right, volumes
decreased from baseline to follow-up by an equal amount

TABLE 2. Temporal Lobe, Amygdala, and Hippocampus Volumes, Unadjusted and Adjusted for Total Cerebral Volume, of 10 Adolescents With
Childhood-Onset Schizophrenia and 17 Healthy Adolescents at Baseline and 2-Year Follow-Up

Volume at Baseline (cc) Volume at 2-Year Follow-Up (cc)

Schizophrenic Subjects Healthy Subjects Schizophrenic Subjects Healthy Subjects

Left Right Left Right Left Right Left Right

Brain Area Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Unadjusted
Total temporal lobea 85.4 11.9 91.6 12.4 88.6 14.2 91.1 12.0 79.8 13.8 84.0 13.5 84.7 12.8 91.6 12.6
Superior temporal gyrus

Totalb,c 23.7 2.7 26.0 3.8 24.2 2.9 25.4 3.0 21.8 2.9 24.2 3.9 23.2 3.0 25.7 3.5
Anteriord 9.6 1.3 10.9 1.6 10.1 1.6 10.7 2.4 9.2 1.4 10.2 1.4 9.7 1.7 11.0 2.3
Posteriore,f 14.0 2.1 15.1 2.7 14.0 2.2 14.8 2.1 12.6 2.0 14.0 3.1 13.5 1.8 14.7 1.9

Medial temporal lobe
Amygdalag,h 2.2 0.7 2.8 0.8 2.4 0.4 2.6 0.4 2.0 0.6 2.5 0.7 2.3 0.3 2.7 0.4
Hippocampusi 4.9 0.4 4.8 0.5 4.5 0.5 4.8 0.5 4.2 0.4 4.2 0.4 4.3 0.5 4.4 0.4

Adjustedj

Total temporal lobea 86.5 92.6 87.3 89.8 83.6 87.8 83.2 90.1
Superior temporal gyrus

Totalb,k 23.9 26.2 23.9 25.2 22.5 24.8 23.0 25.4
Anteriord 9.7 11.0 10.0 10.6 9.4 10.4 9.6 10.9
Posteriore,l 14.2 15.2 13.8 14.6 13.1 14.5 13.3 14.5

Medial temporal lobe
Amygdalag 2.3 2.9 2.4 2.6 2.1 2.6 2.3 2.7
Hippocampusi 5.0 4.9 4.5 4.8 4.4 4.4 4.3 4.4

aDiagnosis-by-time-by-side interaction: F=6.70, df=1, 25, p=0.02. hDiagnosis-by-time interaction: F=5.55, df=1, 25, p=0.03.
bMain effect of side: F=14.37, df=1, 25, p=0.0008. iDiagnosis-by-time-by-side interaction: F=6.96, df=1, 25, p=0.01.
cDiagnosis-by-time interaction: F=10.66, df=1, 25, p=0.003. jAdjusted measures of variation are not available. BMDP was used
dDiagnosis-by-time-by-side interaction: F=5.87, df=1, 25, p=0.02.  because the covariate, total cerebral volume from baseline and fol-
eMain effect of side: F=9.28, df=1, 25, p=0.005.  low-up, was not constant across time.
fDiagnosis-by-time interaction: F=8.57, df=1, 25, p=0.007. kDiagnosis-by-time interaction: F=9.64, df=1, 24, p=0.005.
gMain effect of side: F=35.29, df=1, 25, p=0.0001. lDiagnosis-by-time interaction: F=4.47, df=1, 24, p=0.04.
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in schizophrenic and healthy subjects, while on the left,
volumes decreased significantly more in the schizo-
phrenic subjects. On average, schizophrenic subjects ex-
perienced a 14.3% decrease in left hippocampal volume
over the follow-up interval. Left hippocampal volume
loss of at least this magnitude was found in four schizo-
phrenic subjects and one healthy subject.

The five schizophrenic subjects receiving adjunctive
medications during the follow-up period exhibited a pat-
tern of reduction in temporal lobe volumes over the fol-
low-up interval that was similar to that observed in the
schizophrenic group as a whole and in the schizophrenic
subjects receiving monotherapy. In addition, the two
schizophrenic subjects with comorbid diagnoses at fol-
low-up were similar to the schizophrenic group as a
whole in pattern of reduction of temporal lobe volumes.

Clinical Status and Changes in Temporal Lobe
Morphology Within the Schizophrenic Group

Total SAPS score at baseline was significantly posi-
tively correlated with change in superior temporal

gyrus and posterior superior temporal gyrus volumes
(r=0.75, N=10, p=0.01 and r=0.70, N=10, p=0.02, re-
spectively), indicating that greater positive symptoms at
baseline predicted greater reduction in the volumes of
these structures. Similarly, total SAPS score at 2-year
follow-up was significantly correlated with change in
posterior superior temporal gyrus volume (r=0.62,
N=10, p=0.05). Greater decreases in the volume of this
structure during the follow-up interval were associated
with greater positive symptoms at follow-up. Finally,
SANS total score at baseline and SAPS global rating of
delusions at follow-up were both significantly corre-
lated with change in hippocampal volume (r=0.65,
N=10, p=0.04 and r=0.67, N=10, p=0.03), indicating
that greater negative symptoms at baseline and greater
delusions at follow-up were associated with greater de-
creases in hippocampal volume over the follow-up in-
terval. SAPS global ratings of hallucinations and
thought disorder at follow-up, SANS total score at fol-
low-up, WISC-R vocabulary subtest score, months of
neuroleptic exposure, lifetime chlorpromazine equiva-
lent exposure, and change in lateral ventricle volume

FIGURE 1. Mean Volumes of Temporal Lobe Structures, Adjusted for Total Cerebral Volume, at Baseline and 2-Year Follow-Up for Adolescents
With Childhood-Onset Schizophrenia and Healthy Adolescentsa

aPart A: diagnosis-by-time-by-side interaction: F=6.70, df=1, 25, p=0.02. Part B: diagnosis-by-time-by-side interaction: F=5.87, df=1, 25, p=0.02.
Part C: diagnosis-by-time-by-side interaction: F=6.96, df=1, 25, p=0.01. Part D: r=0.78, N=10, p=0.008.
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over the follow-up interval were not significantly corre-
lated with change in temporal lobe morphology within
the schizophrenic group.

Significant correlations were further evaluated by re-
peating these specific analyses with the left and right
volumes of the hippocampus, superior temporal gyrus,
and posterior superior temporal gyrus separately. All
significant correlations involved the right side of struc-
tures only. Specifically, change in right hippocampal
volume was significantly positively correlated with
SAPS global rating of delusions at follow-up (r=0.70,
N=10, p=0.02), while change in right posterior superior
temporal gyrus volume was significantly positively
correlated with total SAPS score at baseline (r=0.69, N=
10, p=0.03) and total SAPS score at 2-year follow-up
(r=0.78, N=10, p=0.008). The relationship between
change in posterior superior temporal gyrus volume
and SAPS score at 2-year follow-up is plotted in figure
1D. Total SANS score at baseline was positively corre-
lated with change in right hippocampal volume (r=
0.62, N=10, p=0.06), and total SAPS score at baseline
was positively correlated with change in right superior
temporal gyrus volume (r=0.62, N=10, p=0.06).

DISCUSSION

In the present study, progressive reductions in the
volume of temporal lobe, superior temporal gyrus, and
hippocampus were observed that were more pro-
nounced in adolescents with childhood-onset schizo-
phrenia than in healthy subjects, even after control for
the 4.6% decrease in total cerebral volume sustained by
childhood-onset schizophrenic subjects over the same
time interval. Comparable decline in total cerebral vol-
ume over time has been observed in adult-onset schizo-
phrenia (13) and, in the present study, was not corre-
lated with age at onset, duration of illness, neuroleptic
exposure, or total SANS or SAPS scores at baseline or
2-year follow-up.

Previously reported relationships between positive
symptoms of psychosis and smaller superior temporal
gyrus volumes in adult schizophrenia have been specific
to the left side (24, 25). In childhood-onset schizophrenic
subjects, decreases in right posterior superior temporal
gyrus volume were associated with higher SAPS scores at
baseline and were strongly associated with higher SAPS
scores at 2-year follow-up. Although volume decreases of
the hippocampus were greater for schizophrenic subjects
than for healthy subjects on the left, volume reduction of
the right hippocampus was associated with high SAPS
global ratings of delusions at 2-year follow-up. Positive
psychotic symptoms have been found to be related to re-
duction of both right and left amygdala-hippocampus
volumes in adult schizophrenia (36).

These findings suggest that as hypothesized, the pre-
viously observed sparing of temporal lobe structures
from the process or processes that had already reduced
the volume of other cortical regions in this group by the
time of study entry does not persist. As observed for

decreases in midsagittal thalamic area in this group dur-
ing the same follow-up interval (8), decline in volumes
of temporal lobe structures exceeded the decline in total
cerebral volume during this interval, particularly for the
hippocampus. Previous exposure to typical antipsy-
chotics was not associated with temporal lobe volumes
at baseline (43) or with reduction in temporal lobe
structures during follow-up, suggesting that neither the
initial sparing nor the subsequent decrease in temporal
lobe volumes was related to exposure to these medica-
tions. However, all of these schizophrenic subjects were
switched from typical to atypical antipsychotic therapy
shortly after study entry, a time point coincident with
the shift from a sparing to a nonsparing pattern of tem-
poral lobe morphologic abnormalities. While this po-
tentially confounds interpretation of the observed brain
morphologic changes, it should be noted that volume
reductions associated with atypical antipsychotic ther-
apy have only been observed for basal ganglia struc-
tures in patients previously receiving typical antipsy-
chotics, which appear to induce increases in basal
ganglia volumes (48, 49). Furthermore, many of the
previous cross-sectional reports of reduced temporal
lobe structures in adult schizophrenia have involved pa-
tients treated with typical antipsychotics (23, 24, 33).

While a medication effect cannot be ruled out, these
findings, together with the greater progressive increase
in ventricle volume and decrease in midsagittal tha-
lamic area for the same group over the same time pe-
riod, suggest a nonstatic, continuous process leading to
and/or exacerbating prior brain abnormalities in child-
hood-onset schizophrenia (13, 50). As others have pro-
posed, this process may occur only during mid to late
adolescence and thus may not be detectable in most lon-
gitudinal studies of adults with schizophrenia (50–52).
Alternatively, such progressive changes may be specific
to childhood-onset schizophrenia and other subgroups
of very ill patients. While most of the patients in this
study were living with their families in the community
at follow-up, all continued to experience psychotic
symptoms despite ongoing pharmacotherapy. Timing
of the appearance of brain morphologic abnormalities
in patients with more typical early adult age at onset
and episodic course may be quite different (50).

The potential neurobiological underpinnings of the
progressive changes observed here are unknown but
may include loss of neuropil, as might result from ex-
cessive synaptic pruning (53), premature apoptosis
(programmed cell death) of neurons or glia, and/or ab-
normal loss of neurons (degeneration). Planned re-
gional gray/white segmentation of this longitudinal
MRI data set may clarify whether progressive volume
loss in temporal lobe structures is restricted to gray
matter, as appears to be the case for volume decreases
of the total cerebrum (54). The strong relationships ob-
served between greater psychotic symptoms at baseline
and at follow-up and greater decrements in the volumes
of temporal lobe structures are consistent with the pro-
cess leading to reduction in temporal lobe volumes be-
ing disease related.
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The present study involved a relatively small group
size, and multiple statistical tests were performed, in-
creasing the risk of type I error. Firm conclusions must
await replication of these findings with a larger group.
While the significant group differences in weight at 2-
year follow-up potentially complicate interpretation of
these findings, this difference most likely reflects the ap-
petite-stimulating properties of the atypical antipsy-
chotic medications that the schizophrenic subjects re-
ceived during the follow-up interval. Consistent with
this, the groups did not differ in height. The group dif-
ferences in race also potentially confound these find-
ings; however, there were no significant differences be-
tween African American and Caucasian schizophrenic
patients in changes in total cerebral, temporal lobe,
amygdala, or hippocampal volumes from baseline to 2-
year follow-up. This imbalance in the healthy subject
group is being corrected. While schizophrenic and
healthy subjects differed significantly in intellectual
functioning, previous observations from adult schizo-
phrenia samples suggest that these differences are prob-
ably disease related (55).

In contrast to the slight decreases in some temporal
lobe structures observed for healthy subjects in the pres-
ent study, our previous cross-sectional examination of
temporal lobe development in 99 healthy children ages
4 to 18 indicated increases in left amygdala for males
and right hippocampus for females (56). However,
these cross-sectional data are characterized by a high
degree of variability that diminishes statistical power to
detect nonlinear developmental curves. Thus, it is pos-
sible that hippocampal and amygdala volumes show a
net increase in healthy children between ages 4 and 18,
while across smaller age ranges the volumes may actu-
ally be decreasing.

Finally, the present study does not address the ques-
tion of continued progression of volume loss for tem-
poral lobe structures. Ongoing every-2-year clinical fol-
low-up with MRI brain rescan is being conducted to
determine, in particular, whether volume decrements
continue to the point where temporal lobe structures
are relatively smaller in childhood-onset schizophrenic
subjects, as has been observed in adult patients.
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